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1.  SCOPE. 

a.  This  Test  Operations  Procedure  (TOP)  deseribes  the  procedures  to  operate  the  Bridge 
Crossing  Simulator  (BCS)  at  the  U.S.  Army  Aberdeen  Test  Center  (ATC),  Aberdeen  Proving 
Ground  (APG),  Maryland,  in  support  of  bridge  durability  testing  using  a  modeling  and 
simulation  (M&S)  technique.  It  is  applieable  to  dry  gap  bridging  systems.  Through  the  use  of 
hydraulie  aetuators,  a  reaction  structure,  and  a  eontrol  system,  the  BCS  physieally  simulates 
vehieular  erossing  loads  for  the  expeeted  life  span  of  the  bridge  undergoing  testing. 

b.  This  TOP  does  not  address  durability  testing  without  using  the  BCS. 

2.  FACILITIES  AND  INSTRUMENTATION. 

2.1  Faeilities. 

Item 
BCS 


Bridge  test  site  with  prepared 
embankments  eorresponding  to  the 
span  and  bank  condition  requirements 
of  the  bridge  under  test 

2.2  BCS  System  Description. 

The  BCS  is  a  durability  test  rig  eomposed  of  aetuators  eonneeted  to  whiffles,  a  reaetion  strueture, 
and  a  eontrol  system;  the  rig  is  used  to  re-ereate  vehiele  loading  on  a  bridge.  A  whiffle  is  a  metal 
frame  that  transfers  the  load  from  the  hydraulie  aetuator(s)  to  the  bridge  through  rubber  eontaet 
patches.  An  image  of  the  BCS  with  a  mounted  taetieal  bridge,  is  shown  in  Figure  1. 


Requirement 

Computer-eontrolled  hydraulie  aetuation 
system  to  impart  simulated  erossing  loads  on 
an  entire  bridge  structure  undergoing  fatigue 
test.  The  BCS  aeeomplishes  this  by  using  a 
load  sequeneing  proeess  whieh  mimies  the 
traversing  load  that  a  erossing  vehiele  imposes 
on  a  bridge  structure. 

Conduet  real-world  vehiele  erossings  while 
eolleeting  strain  data  from  the  bridge. 
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Figure  1 .  BCS  (with  a  bridging  system  mounted  on  top). 


2.3  Instrumentation. 


Deviees  for  Measuring 
Material  strain  (strain  gages) 

Pressure  transducer 

Foree  transducer 

Displacement  transducer 

Temperature  (T-type 
thermocouple) 

Flow  rate 

Bridge  service  life  monitoring 
system 


Measurement  Accuracy 

±3  microstrain 

±4%  of  applied  pressure 
±1%  of  applied  foree 
±1/8  inch 
±2%  of  full  scale 

±2%  of  full  seale 
As  required 


Optieal  instruments  (video  and/or  As  required 
still  camera) 


3.  REQUIRED  TEST  CONDITIONS. 


3.1  Test  Planning. 

a.  Identify  participating  agencies,  their  roles  and  responsibilities  in  testing,  and  the 
Verifieation,  Validation,  and  Acereditation  proeess. 


b.  Review  previous  test  plans  and  test  reports  of  bridge  durability  tests  using  the  BCS. 


e.  Consider  the  following  prineiple  factors  involved  in  eonfiguring  the  BCS  for  a  new 
bridge  test; 
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(1)  Bridge  intended  use  and  limitations  sueh  as  bank  eonditions,  erossing  vehieles 
and  speed  regime,  direetion  from  U.S.  Army  Engineer  Sehool  (USAES),  and  eategory 
representation  per  Operational  Mode  Summary/Mission  Profile  (OMS/MP). 

(2)  Span  of  bridge. 

(3)  Abutment  height  and  slope  requirements. 

(4)  Information  resourees  (e.g.,  U.S.  Army  Maneuver  Support  Center  of  Exeellence 
(MSCOE),  U.S.  Army  Tank- Automotive  and  Armaments  Command  (TACOM),  U.S.  Army 
Tank- Automotive  Researeh,  Development  and  Engineering  Center  (TARDEC),  and  the  U.S. 
Army  Evaluation  Center  (AEC). 

(5)  Sample  size  and  number  of  erossings  required.  The  number  of  required  simulated 
erossings  to  eonduct  fatigue  testing  per  the  Trilateral  Design  and  Test  Code  for  Military  Bridging 
and  Gap  Crossing  Equipment  (TDTC)  is  derived  based  on  the  number  of  samples  the  test 
bridge  is  eounted  as.  Per  the  TDTC,  a  test  bridge  with  longitudinal  and/or  lateral  symmetry 
under  non-eeeentrie  loading  ean  be  eonsidered  as  1,  2,  or  4  test  samples,  providing  the  geometry 
and  loading  are  identieal  and  the  onset  of  cracking  from  one  sample  does  not  influenee  the 
loading  of  the  other  sample.  The  more  samples  that  the  test  bridge  is  eounted  as  will  reduee  the 
number  of  simulated  erossings  required  to  gain  statistieal  eonfidenee  that  the  lifetime  erossing 
requirement  will  be  met.  AEC,  the  Material  Developer,  and  the  Verifieation,  Validation,  and 
Aeereditation  (VV&A)  ageney  will  determine  the  number  of  samples  for  the  test  bridge. 

(6)  Reeeipt  of  a  developed  erossing  matrix  that  defines  the  erossing  variables  to  be 
simulated  by  the  BCS  and  number  of  simulated  erossings. 

(7)  Development  of  a  test  sequenee  for  the  BCS  to  inelude  the  order  of  simulated 
erossings  in  the  erossing  matrix  and  frequency  of  inspections. 

(8)  Strain  gage  loeations.  Strain  gages  used  for  BCS  operation  should  be  plaeed  at 
loeations  along  the  bridge  where  strain  ean  be  predieted  analytieally  to  ease  drive  file  ereation 
and  at  the  planned  whiffle  loeations.  AEC  and  the  Validation  and  Verifieation  (V&V)  agency 
must  determine  whether  these  strain  gage  loeations  will  be  suitable  for  their  evaluation,  and  if 
additional  strain  gages  are  required  at  other  loeations. 

(9)  Run  seleetion.  AEC  and  the  V&V  agency  must  agree  on  the  method  that  will  be 
used  to  seleet  whieh  data  will  be  used  for  simulated  crossings. 

(10)  Durability  drive  file  validation  proeess.  AEC  and  the  V&V  ageney  must  agree  on 
the  method  that  will  be  used  to  seleet  whieh  data  will  be  used  for  simulated  durability  erossings. 
This  ineludes  determining  whieh  strain  data  loeations  will  be  used  for  validation,  whether  the 
simulated  erossing  data  must  mateh  the  vehiele  crossing  data  throughout  the  erossing  or  just  at 

*Supersoript  numbers  eorrespond  to  Appendix  D,  Referenees. 
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peak  strain  values,  whether  the  time  history  strain  values  or  fatigue  damage  will  be  the  validation 
metrie,  and  the  simulation  aeouraey  toleranee.  Aeeuraey  of  ±3%  is  possible,  but  may  be  very 
diffieult  to  achieve  depending  on  the  previously  mentioned  ehoices.  Note  that  driver  file  is  just 
the  hydraulic  actuator  force  versus  time  data  used  by  the  BCS  to  replieate  the  strain  data 
reeorded  from  a  vehiele  erossing  the  bridge. 

(11)  Mounting  or  assembling  a  bridging  system  on  the  BCS  for  simulated  erossings 
requires  much  consideration  in  planning  beeause  no  bridging  systems  are  the  same  in  design  to 
meet  their  own  operational  requirements.  However,  the  following  faetors  should  be  eonsidered, 
ineluding,  but  not  limited  to,  lift  and  handling  equipment,  manpower,  geometric  limitations  of 
bridge  designs,  expected  defleetion,  aetuator  stroke,  ete. 

3.1.1  Required  Information  on  Bridge. 

a.  The  test  eenter  will  reeeive  a  Program  Manager  (PM)-approved  erossing  matrix  that 
presents  the  details  on  the  types  of  erossing  vehieles,  vehiele  speeds,  direetions  of  approaeh,  and 
bridge  embankment  eonfigurations.  Sueh  seleetion  proeess  is  briefly  diseussed  as  follows. 

Sinee  it  is  not  praetieal  to  replieate  every  live  erossing  on  the  BCS,  but  it  is  important  to 
adequately  represent  full  range  of  loads  on  the  bridge  that  would  be  expeeted  to  oecur  in  normal 
life.  It  is  neeessary  to  ensure  that  the  fatigue  damage  assoeiated  with  each  applicable  live 
erossing  is  represented  by  the  subset  of  erossings  that  are  simulated  on  the  BCS.  To  ensure  a  fair 
and  reasonable  test,  the  live  erossing  data  ean  be  separated  into  eategories  of  bridge  abutment 
eonditions  and  erossing  vehicle  type,  and  the  data  from  each  category  will  be  plotted  for  fatigue 
life  of  the  most  eritieal  loeation  versus  vehiele  erossing  speed.  Fatigue  damage  will  be  averaged 
for  a  group  of  similar  live  erossing  and  a  good  fatigue  life  representation  for  the  group,  and  the 
live  erossing  with  strain  data  elosest  to  the  averaged  fatigue  damage  for  the  group  will  be 
seleeted  for  the  simulated  run.  It  is  neeessary  to  seale  the  strains  from  the  selected  crossings  to 
result  in  fatigue  damage  equivalent  to  the  group  average.  Damage  averaging  teehnique  is 
eonsidered  a  reasonable  approaeh  as  the  analysis  of  a  bridge  fatigue  test  simulation  is  a  fatigue 
life  test  of  whieh  the  primary  objeetive  is  to  determine  the  fatigue  damage  the  bridge  ean 
withstand  before  a  durability  failure. 

b.  For  demonstration.  Table  1  presents  a  typieal  layout  of  information  that  eompleted  the 
Run  Seleetion  Proeess,  and  was  seleeted  for  a  erossing  matrix  for  the  Durability  Test  of  a  taetieal 
bridge. 
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TABLE  1.  VEHICLE  CROSSING  EILES  SELECTED  EOR  SIMUEATION 


FILE 

NAME 

SPEED, 
miles  per  hour 
(mph) 

VEHICLE 

TRAVERSE 

DIRECTION 

Bank  Condition:  Level 

Run036 

3 

MLC70T 

(tracked) 

BA 

Run046 

6 

AB 

Run055 

9 

AB 

Run060 

9 

BA 

Run064 

12 

BA 

Run071 

15 

AB 

Runl55 

3 

MLC96W 

(wheeled) 

AB 

RunlSl 

9 

AB 

Run227 

6 

AB 

Run250 

12 

AB 

Run262 

15 

AB 

Run269 

15 

BA 

Bank  Condition:  Racked,  Strain  Channel  2  High 

Run307 

3 

MLC70T 

(tracked) 

AB 

Run331 

9 

AB 

Run359 

15 

AB 

Run430 

12 

MLC96W 

(wheeled) 

BA 

Run434 

12 

AB 

Run447 

3 

BA 

Bank  Condition:  Side  Slope,  Even  Strain  Channels  High 

Run505 

3 

MLC96W 

(wheeled) 

AB 

Run5 1 6 

9 

BA 

Run534 

12 

AB 

Run548 

3 

MLC70T 

(tracked) 

BA 

Run575 

9 

BA 

Run590 

12 

BA 

3.1.2  Predictive  Modeling. 

Predictive  modeling  of  vehicle  crossing  results  must  be  done  using  weight  distribution  data  for 
the  crossing  vehicles  and  the  bridge  information  provided  by  the  customer.  In  general,  statics 
will  be  used  to  determine  equations  for  moments  and  deflections  based  on  the  specific  bridge. 

Eor  a  bridge  whose  primary  structural  members  are  simply  supported  beams  (L),  the  beam 
equations  (1)  and  (2)  derived  from  Eigure  2  can  be  used  to  calculate  the  moment  contribution  at  a 
location  (x)  due  to  a  particular  axle  weight  (P)  and  location  (a). 

M(x)  =  where  0  <x  <  a  Equation  1 

M(x)  =  ~  ^)<  where  a  <  x  <L  Equation  2 
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Figure  2.  Simply  supported  beam  with  point  load. 


The  total  moment  at  any  location  can  be  calculated  from  the  superposition  of  the  contributions  of 
each  axle. 


For  the  BCS  applieation,  the  total  moment  (MJ  at  a  location  {La)  will  be  caleulated  using 
Equation  3,  which  can  be  expressed  in  terms  of  whiffle’s  forces  {FI),  their  corresponding 
locations  (T,),  and  the  bridge’s  length  (L)  as  follows: 


Ma=Y^FiLi(l 

i=i 


La  L  Li 

--)+  l^FiLaO-  --) 

L  i=a+l  L 


Equation  3 


The  results  of  a  erossing  can  be  predicted  by  solving  for  the  moments  due  to  the  erossing  vehiele 
at  small  (6  inch  or  less)  increments  along  the  bridge.  The  same  proeess  as  described  in 
paragraph  4.2.2  can  then  be  used  to  predict  actuator  forces  during  the  crossing  from  the 
ealeulated  moments.  These  models  will  be  used  for  the  following: 

a.  Determine  the  number  of  actuators  and  locations.  If  it  is  predicted  that  the  eurrent 
BCS  configuration  will  not  satisfactorily  replicate  the  vehicle  crossings,  the  number  and  layout 
of  aetuators  in  the  predietive  model  ean  be  ehanged  until  a  suitable  eonfiguration  is  found. 

b.  Calculate  bridge  deflection  in  the  predictive  model  to  determine  an  appropriate 
abutment  height  for  the  BCS.  Total  bridge  deflection  is  the  sum  of  those  due  to  the  dead  weight 
of  the  bridge  plus  that  of  the  erossing  vehiele  and  is  caleulated  from  Equation  4.  The  moment  on 
the  bridge  (M)  is  integrated  twice  to  solve  for  deflection  {v) .  When  determining  abutment 
height,  it  is  important  to  eonsider  the  additional  vertieal  elearanee  required  by  the  bridge  during 
the  side  slope  eonfiguration. 


i;  =  ^  J  J  Mdx  Equation  4 

e.  Use  bridge  defleetion,  plus  that  of  the  BCS  structure,  to  calculate  required  total 
actuator  stroke  for  eaeh  actuator  location  compared  with  the  eapabilities  of  the  existing  aetuators. 
When  doing  this  comparison,  it  is  desirable  that  the  existing  actuators’  stroke  exceed  the  required 
actuator  stroke  plus  the  stroke  required  to  accommodate  changing  the  abutment  configuration 
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from  one  side  slope  eondition  to  the  opposite  side  slope.  If  the  existing  aetuators’  stroke  does 
not  exeeed  this  total,  there  are  several  possible  solutions: 

(1)  Purehase  new  actuators  for  locations  where  the  existing  aetuators  do  not  exeeed 
the  expeeted  stroke  requirement. 

(2)  Add  or  remove  spaeers  to  actuators  during  testing  whenever  ehanging  to/from  the 
side  slope  eonfiguration. 

(3)  Coordinate  with  AAO,  the  U.S.  Army  Test  and  Evaluation  Command  (ATEC), 
and  the  customer  to  determine  whether  the  side  slope  erossings  ean  be  replaeed  with  level 
crossings. 

3.1.3  Verification  and  Validation  (V&V)  Plan. 

a.  Eor  each  use  of  the  BCS,  to  determine  the  durability  of  a  bridge,  a  V&V  plan  is 
required  and  will  be  developed  in  aceordanee  with  ATEC  Regulation  73-21^  to  establish  the 
framework  for  how  the  BCS  will  be  used  aeeording  to  the  guidanee  stated  in  the  TDTC. 

b.  The  doeument  will  inelude  the  information  and  proeedures  neeessary  to  verify  and 
validate  the  test  eenter’s  BCS  for  use  in  the  durability  of  the  test  speeimen.  The  BCS  will 
simulate  vehiele  erossings,  and  for  these  simulations  to  be  valid  it  must  be  shown  that  fatigue 
damage  imparted  to  the  bridge  for  the  BCS  is  commensurate  with  the  damage  from  vehiele 
erossings.  In  addition,  the  plan  will  also  inelude,  but  not  be  limited  to,  the  participating  agencies 
and  their  V&V  responsibilities  as  well  as  the  plan’s  intended  use  and  limitation  of  M&S. 

c.  BCS  aeereditation  must  be  eompleted  when  results  are  used  in  an  ATEC  evaluation. 
AMSAA  will  eoordinate  V&V  and  aeereditation  with  the  AEC  aeereditation  action  officer 
(AAO).  V&V  results  will  be  provided  to  the  AEC  AAO  for  inelusion  in  the  aeereditation 
report/request. 

3.2  Test  Preparation. 

3.2.1  BCS  Configuration  Setup. 

There  are  three  main  types  of  eonfiguration:  Eevel-Level,  Side-Sloped,  and  Racked.  Level- 
Eevel  means  the  bridge  is  set  perfeetly  level.  Side-Sloped  indieates  that  opposite  ends  of  the 
bridge  are  tilted  in  the  same  lateral  direetion.  Raeked  means  opposite  ends  of  the  bridge  are 
tilted  in  different  directions.  In  addition,  the  degree  to  whieh  the  system  is  to  be  eonfigured 
depends  on  the  type  of  bridge  as  prescribed  in  the  TDTC.  The  exact  procedure  for  the  BCS 
eonfiguration  may  vary  from  bridge  to  bridge.  However,  all  bridges  follow  a  basie  form  of 
installation. 

a.  Moving  End  Abutments.  The  bridge  will  need  a  safety  margin  at  both  end  abutments. 
The  BCS  abutment  gap  must  be  ehanged  to  mateh  the  test  requirements  of  the  test  speeimen. 
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b.  Abutment  Height.  Raise  the  abutment  height  greater  than  the  maximum  defleetion  of 
the  test  speeimen  plus  any  additional  height  that  may  result  from  the  abutment  eonfiguration  of 
the  test  item  other  than  level-to-level  (i.e.,  side  sloped  or  raeked). 

e.  Aetuator  Position.  Position  aetuators  aeeording  to  predietive  model  plan. 

d.  Calibrate  the  BCS  data  aequisition  (DAQ)  and  eontrol  deviees  sueh  as  load  cells  and 
displaeement  transdueers,  and  zero  the  whiffles. 

(1)  DAQ.  The  eleetronies  of  the  DAQ  must  be  ealibrated  to  preserve  its  funetional 
fidelity.  All  eireuit  boards  (e.g.,  eonditioners)  of  the  BCS  controller  eleetronies  must  be 
ealibrated  by  Certified  Calibration  Laboratory  standards  in  aeeordanee  with  Army  Regulation 
750-431 


(2)  Load  eells.  The  aetuators  are  equipped  with  load  eells  and  are  foree-generating 
deviees.  Calibration  of  load  oell(s)  ean  be  performed  either  off-site  by  the  load  cell  manufaeturer 
or  on-site  during  the  test  aetivity  by  using  a  eertifieate-ealibrated  load  eell  and  ealibration  fixture. 

(3)  Displaeement  transducer.  The  deviee  provides  an  indieation  of  the  actuator  piston 
rod  displacement. 

(4)  Zeroing  whiffles.  The  proeess  ensures  that  whiffles  rest  weightless  on  the  test 
speeimen  and  that  the  applied  foree  on  the  bridge  is  only  the  foree  actually  imparted  to  the  bridge 
by  the  BCS.  The  reeommended  proeess  to  zero  the  weight  of  the  whiffie  involves  adjusting  the 
zero  offset  of  the  load  eell  signal  eonditioners  to  negate  the  whiffie ’s  weight  after  raising  the 
whiffle  off  the  bridge  with  the  aetuators.  The  whiffle  zeroing  ean  be  generalized  in  the  following 
steps: 

(a)  Onee  the  bridge  has  been  plaeed  on  the  BCS  and  the  whiffles  have  been  plaeed  on 
the  bridge  and  seeured  properly  to  the  aetuators,  and  ensure  that  the  whiffle  are  resting  on  the 
bridge 

(b)  Raise  the  whiffle  off  the  bridge  by  extending  the  aetuators. 

(e)  Initiate  the  offset  zero  to  zero  and  obtain  the  eonditioner  output  values. 

(d)  Complete  the  whiffle  zeroing  by  plaeing  the  negative  eonditioner  output  values 
into  the  offset  zero. 

(e)  Lower  the  whiffle  slowly  to  the  bridge. 

3.2.2  Bridge  Instrumentation. 

a.  Install  strain  gage  instrumentation.  Sinee  the  BCS  is  designed  to  reproduee  indueed 
strains  assoeiated  with  a  vehiele  erossing  a  bridge,  the  same  gages,  in  identieal  loeations,  will  be 
used  to  reeord  strain  data  during  both  vehiele  erossings  and  simulated  durability  erossings.  The 
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number  of  gages  would  be,  at  a  minimum,  equal  to  the  number  of  aetuators  and,  if  the  BCS  data 
aequisition  (DAQ)  system  (i.e.,  ehannels)  permits,  to  the  number  of  the  bridge’s  load  bearing 
members  and  fatigue  eritieal  areas,  sueh  as  I-beams  or  ehords. 

b.  For  example,  the  BCS  whieh  used  20  hydraulie  aetuators  to  reereate  vehiele  loading 
on  a  bridge  for  a  durability  test  employed  20  strain  gages  to  replieate  the  strain  data  reeorded 
from  a  vehiele  erossing  the  bridge.  Strain  gages  were  bonded  to  each  inner  ehord  at  the 
approximate  lengthwise  loeation  of  a  hydraulie  aetuator  on  the  BCS.  The  vertical  location  of 
strain  gages  should  be  positioned  at  the  maximum  stress  of  the  struetural  members.  For  bridging 
systems  eonsisting  of  I-beams,  the  strain  gages  are  normally  loeated  at  the  bottom  of  the  I-beams 
as  shown  in  Figure  3. 


AriiiinrM 


U^YTTTTTT 


Figure  3.  Cross  seetion  of  a  bridge  with  left  and  right  strain  gage  loeations  £l  and  £r. 


c.  Install  string  potentiometers  at  the  eenter  of  the  bridge  gap  to  measure  defleetion. 

4.  TEST  PROCEDURES. 

4.1  Vehiele  Crossings. 

Vehiele  erossing  proeedures  will  not  be  eovered  in  this  TOP;  vehiele  test  operation  is  addressed 
in  TOP  09-2-027"^.  During  the  vehiele  erossings,  however,  the  following  information  must  be 
eollected,  doeumented,  and  reported,  at  a  minimum,  to  warrant  the  qualitative  outeomes  for  the 
simulation  testing. 

a.  Bridge  eomponents  must  be  uniquely  identified,  and  their  loeations  in  the  bridge 
during  vehiele  erossings  must  be  doeumented.  The  bridge  will  then  be  reassembled  on  the  BCS 
with  eomponents  in  exaetly  the  same  order  and  loeations  as  doeumented  during  vehicle  erossings 
to  allow  for  ereation  of  aeeurate  drive  files. 

b.  Asa  good  praetiee  and  sanity  eheek,  the  strain  due  to  the  dead  weight  of  the  bridge 
should  be  measured.  Measurements  should  be  taken  from  strain  gages  prior  to  the  bridge 
assembly  and  after  the  bridge  deployed.  The  differenees  between  the  unsprung  and  sprung 
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masses  of  the  bridge  ean  be  predieted  using  the  predietive  modeling  ealeulation 
(paragraph  3.1.2b). 

c.  Prior  to  eondueting  vehiele  erossings,  it  is  important  to  record  strain  data  from  the 
plaeement  of  a  known  load  at  multiple  known  loeations  on  the  bridge.  If  a  known  load  of 
sufficient  weight  is  unavailable,  a  erossing  vehiele  of  known  weight  distribution  ean  be 
substituted.  By  comparing  the  eollected  strain  data  with  the  data  from  the  predictive  model, 
adjustments  ean  be  made  to  the  model  to  ensure  its  aecuracy.  However,  prior  to  making  ehanges 
to  the  predietive  model,  the  setup  and  aeeuraey  of  the  strain  gage  instrumentation  should  be 
eheeked. 

d.  During  the  eonduct  of  vehiele  crossings,  collected  strain  data  must  be  validated  daily. 

(1)  The  instrumentation  used  to  eolleet  the  strain  data  should  be  eheeked  at  the 
beginning  of  the  day  and  the  end  of  the  day.  This  should  be  done  by  reeording  strain  data  while 
a  erossing  vehiele  of  known  weight  distribution  is  parked  at  several  marked  loeations  on  the 
bridge.  Markings  should  eonsist  of  squares  for  traeks  or  tires  to  allow  easy  measurement  of  the 
vehiele ’s  position  relative  to  the  markings.  The  strain  values  from  the  beginning  of  the  day  and 
the  end  of  the  day  should  be  eompared  with  any  previous  results. 

(2)  As  part  of  the  validation  proeess,  eolleeted  strain  data  must  be  eompared  with 
predictive  model  results  for  the  crossing  conditions. 

e.  Upon  completion  of  vehiele  erossing,  the  eolleeted  and  validated  strain  data  will 
undergo  a  run  seleetion  proeess. 

(1)  Use  strain  data  from  vehiele  erossings  of  rated  military  load  classifieation  (MLC) 
traeked  and  wheeled  vehieles  aequired  for  the  various  dynamie  eonditions  tested.  Seleet  only 
files  with  a  eomplete  set  of  data  (all  aetuator  strain  ehannels  funetional).  Segregate  the  erossings 
into  eategories,  with  eaeh  eategory  eorresponding  to  vehiele  type  and  gap/embankment 
geometry. 


(2)  Further  analysis  will  be  eondueted  for  seleetion  of  representative  data  runs.  The 
analysis  eonsists  of  plotting  the  data  from  eaeh  eategory  in  the  format  of  fatigue  life  of  the  most 
eritieal  loeation  versus  vehiele  erossing  speed.  Clusters  of  data  are  identified  on  the  plots,  and 
the  erossings  that  eorrespond  to  the  average  fatigue  life  of  the  regime  are  identified  within  the 
eluster.  Eaeh  eluster  is  represented  by  the  single  erossing  that  eoineided  with  the  average  of  the 
fatigue  lives  repeated  for  as  many  times  as  there  are  runs  in  the  cluster.  The  net  effeet  of  the 
grouping  is  to  reduee  the  number  of  individual  drive  files  exeeuted  during  the  simulation.  The 
same  proeedure  is  repeated  for  eaeh  vehiele  type  and  gap/embankment  geometry.  A  distribution 
of  simulated  bridge  erossings  by  vehicle  type  and  erossing  eonditions  is  proposed  to  the  ATEC 
System  Team  (AST)  for  evaluated  programs  in  the  form  of  a  matrix.  The  matrix  is  used  to 
define  the  number  of  iterations  to  perform  eaeh  seleeted  erossing  during  the  simulation. 

4.2  Simulated  Crossings. 
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4.2.1  Install  Bridge  and  Whiffles. 

a.  Install  bridge  on  BCS: 

(1)  Assemble  the  test  item  in  aeeordanee  with  the  test  sponsor  representative’s 
guidanee  on-site  or  by  referring  to  the  Operator’s  Manual.  In  addition,  assemble  the  bridge 
components  (e.g.,  modules)  in  exaetly  the  same  loeations  and  order  as  they  were  during  vehiele 
erossings.  If  the  system’s  launcher  is  not  available,  a  mobile  erane  ean  be  used  to  position  the 
assembled  bridge  over  eaeh  prepared  gap. 

(2)  Connect  DAQ  equipment  to  the  installed  strain  gages  to  eollect  and  store  real¬ 
time  strain  data. 

(3)  Install  string  potentiometers  at  the  bridge’s  mid-span  (worst  defleetion)  to 
measure  its  maximum  defleetion.  In  addition,  the  displaeement  of  the  bridge  at  abutments 
should  also  be  measured  to  determine  the  aetual  defleetion  of  the  bridge’s  mid-span. 

b.  Install  whiffles,  whieh  are  metal  frames  that  transfer  the  load  from  the  hydraulie 
aetuator(s)  to  the  bridge  through  rubber  contaet  patches. 

4.2.2  Drive  File  Creation. 

There  are  multiple  ways  to  ereate  the  drive  files  that  will  be  used  to  conduct  the  simulated 
erossings. 


a.  Strain  eontrol  funetionality  is  built  into  the  ATC  BCS  eontrol  system,  whieh  operates  a 
real-time  feedback  loop  for  each  actuator  (independent  of  the  others)  to  mateh  strain  gage  data 
from  the  bridge  (i.e.,  simulation  erossings)  to  strain  data  reeorded  during  a  vehiele  erossing  by 
eontrolling  aetuator  forees.  In  the  past,  this  method  has  been  followed  to  ereate  the  drive  files 
used  during  durability  testing.  Drive  files  ereated  in  this  way  inelude  signifieant  noise  beeause 
the  aetuators  are  not  synehronized,  which  makes  the  files  extremely  diffieult  to  compress  if  the 
bridge  under  test  has  long  clear  span  (i.e.,  signifieant  dynamic  deflection  under  loading  of 
vehiele  erossings  and  high  demand  of  hydraulie  flow  rate)  eoupling  with  less  damping  effeet  of 
the  reaetion  strueture  due  to  a  low  viseosity  of  the  simulator’s  working  fluid. 

b.  Another  way  to  ereate  drive  files  is  to  eonstruct  the  files  based  solely  on  the 
eharaeteristies  of  hypothetieal  vehieles  used  for  the  rating  of  the  MLC  of  the  vehieles  and 
bridges  eharaeteristies,  whieh  are  presented  as  Appendix  C  of  the  TDTC.  This  method  would 
not  inelude  the  impact  factor  which  normally  applies  to  an  induced  statie  load  to  give  the 
equivalent  indueed  dymamie  loads  caused  by  the  load’s  movement.  In  the  absence  of  its  live 
erossing  data,  this  method  eould  only  used  for  simulated  eaution  erossing. 

e.  Drive  files  of  a  MLC  can  also  be  fictitiously  created  by  multiplying  the  low  MLC  by 
an  up-sealed  factor  to  yield  a  higher  MLC  of  the  same  elass.  For  example,  a  fietitious  MLC40 
Bradley  vehiele  ean  be  ereated  by  using  a  Bradley  load  drive  file  (MLC30)  and  inereasing  the 
loads  by  a  factor  of  4:3.  Note  that  MLC  and  load  of  applieation  are  not  neeessarily  linearly 
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proportional  to  each  other.  To  determine  the  scale  factor,  one  should  consult  TARDEC  for 
guidance. 

d.  Drive  files  can  be  created  by  using  a  script  in  MATLAB  that  utilizes  the  vehicle 
crossing  data  to  directly  create  a  drive  file,  resulting  in  a  file  which  is  much  smoother  than  that 
created  using  strain  control.  This  also  allows  the  drive  file  to  be  compressed,  yielding  time 
savings  of  up  to  50  percent  compared  with  non-compressed  simulated  crossings. 

(1)  The  script  uses  an  NxN  coefficient  matrix  (A)  representing  the  relationship 
between  a  whiffle  force  and  its  strain  effect  on  a  whiffle  location,  multiplied  by  a  vector  of  N 
unknown  whiffle  forces  (F)  at  one  instant  in  time,  equal  to  a  moment  vector  (M)  calculated  from 
the  strain  data  at  the  same  instant  in  time.  This  is  shown  as  Equation  5.  The  script  solves  for  the 
unknown  force  vector  (F)  using  the  non-linear  equation  solver  for  each  row  of  strain  data  and 
saves  the  forces  as  the  drive  file. 


[A]  [F]  =  [M] ,  Equation  5 

The  moment  values  will  be  calculated  using  Equation  6  for  each  strain  gage.  The  moment  vector 
values  will  be  the  sum  of  the  moment  values  at  each  whiffle  location. 

Mji  =  ,  Equation  6 

Where:  E  is  the  Young's  modulus  for  the  bridge’s  material 

1  is  the  moment  of  inertia  for  the  beam  cross  section 
y  is  the  distance  of  the  strain  gage  from  the  beam  neutral  axis 
s  is  the  strain  value  at  location  n 


(2)  The  A  matrix  coefficients  are  best  determined  experimentally  by  applying  a 
steadily  increasing  load  to  the  bridge  with  a  single  whiffle  while  recording  strain  and  force  data 
from  the  BCS.  Because  force  and  strain  are  known,  the  A-matrix  coefficients  for  that  location 
can  be  determined. 

(3)  To  calculate  actuator  forces  from  whiffle  forces,  determine  the  ratio  for  the 
moment  contributions  of  the  left  and  right  beams  at  each  whiffle  location.  Use  these  ratios  to 
divide  the  whiffle  force  among  the  left  and  right  actuators  for  each  whiffle.  It  is  desirable  that 
the  difference  between  applied  forces  for  the  actuators  of  a  whiffle  be  less  than  the  amount  that 
will  create  an  unbalanced  moment  on  the  whiffle.  This  unbalanced  moment  will  cause  one  side 
of  the  whiffle  to  lift  off  the  bridge,  leading  to  the  whiffle ’s  “walking”  out  of  its  desired  position. 

(4)  The  newly  created  drive  file  is  run  at  50  percent  amplitude  on  the  BCS  to 
determine  whether  the  BCS  control  system  can  execute  the  file.  The  performance  of  the  BCS 
and  drive  file  is  plotted  as  shown  in  Figure  4  for  each  actuator  and  its  corresponding  strain  gage. 
The  comparison  of  force  command  with  force  feedback  is  used  to  identify  whether  the  BCS 
control  system  gains  are  suitable.  For  example,  if  the  force  feedback  lags  behind  command,  then 
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gains  should  be  inereased,  whereas  if  “ringing”  (i.e.,  due  to  unstable  system  operation)  is  in  the 
force  feedback  data,  gains  may  need  to  be  decreased.  Onee  force  command  and  feedback  are  in 
agreement,  any  diserepancies  between  the  simulated  erossing  strain  data  and  the  vehiele  erossing 
strain  data  must  be  eorrected.  Correetion  is  done  by  adjusting  the  A-matrix  eoeffieients,  ereating 
a  new  drive  file,  running  it  on  the  BCS,  and  repeating  the  comparison. 


Figure  4.  Typical  plot  for  performance  evaluation  of  a  strain/actuator  loeation. 


(5)  Once  the  difference  between  strain  ranges  for  the  simulated  and  vehicle  crossings 
is  less  than  the  threshold  specified  by  the  AAO,  the  simulated  crossing  is  rerun  while  actuator 
displacement  is  reeorded.  The  resulting  displaeement  data  are  proeessed  by  a  flow  optimization 
seript  that  calculates  the  total  actuator  hydraulic  fluid  flow  rate  at  each  sample  period  based  on 
the  change  in  displacements.  For  every  10  data  points,  the  total  demanded  flow  rate  is  compared 
with  the  available  flow  rate  of  the  hydraulic  power  unit  to  determine  the  percent  of  flow  utilized. 
This  pereent  utilization  factor  is  used  as  a  decimation  factor  for  the  10  eorresponding  data  points 
of  the  drive  file  data  using  the  ‘interpl’  routine  in  MATLAB.  The  decimated  drive  file  data  are 
then  appended  to  the  previously  decimated  data,  and  the  script  starts  processing  the  next  10 
sample  periods  of  data.  Typically,  the  resulting  drive  file  shows  some  compression  in  the 
beginning  of  the  run  and  the  most  compression  in  the  middle,  compared  with  the  60-  to  180- 
second  drive  file. 
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(6)  The  eompressed  drive  fde  will  be  run  on  the  BCS,  sealed,  and  rerun  until  the 
strain  ranges  for  eritieal  ehannels  are  within  the  AAO  speeified  toleranee. 

4.2.3  Exeeuted  Simulated  Crossings. 

a.  General  Startup.  The  following  eheeklist  must  be  reviewed  and  eompleted  prior  to 
startup  operations: 

(1)  Aetuator  flow  valves. 

(2)  DAQ  eheeks. 

(3)  Servo  eontroller  gains. 

(4)  Limit  deteetors. 

(5)  Hydraulie  fluid  reservoir  level. 

(6)  Heat  exehanger  valves  open. 

(7)  Fluid  reservoir  valves  open. 

(8)  Diesel  engine  oil  level. 

b.  General  Shutdown.  Onee  the  test  session  is  eompleted,  it  is  essential  to  shut  down  the 
BCS  system  in  aeeordanee  with  the  following  five-step  proeedure. 

( 1 )  Shut  down  the  pressure. 

(2)  Shut  down  the  engine. 

(3)  Shut  down  the  BCS  eontroller  software. 

(4)  Power  down  the  BCS  controller. 

(5)  Perform  preventive  maintenanee  eheeks  and  serviees  (PMCS)  on  the  eooling  fans, 
hydraulie  lines,  and  aetuators  for  damage  and  leaks. 

4.3  Inspeetions. 
a.  BCS. 

(1)  Inspeet  the  position  of  whiffles  on  the  bridge.  Data  quality  eheeks,  as  deseribed 
in  paragraph  4.3.C,  will  be  performed  to  identify  whether  a  reposition  of  the  whiffles  is 
neeessary.  If  the  whiffles  are  not  within  their  initially  marked  boundaries  on  the  bridge,  adjust 
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their  positions  aeeordingly  by  using  their  assoeiated  aetuators  if  they  are  eonneeted,  or  a  mobile 
erane  if  they  are  not. 

(2)  Inspect  highly  loaded  eomponents  sueh  as  aetuator  swivel  joints  and  mounts  for 
eraeks  or  loose  bolts.  Bolts  at  highly  stressed  loeations  should  be  marked  with  a  line  aeross  the 
bolt  head  and  the  surrounding  surfaee  when  torqued,  allowing  for  visual  deteetion  of  bolt 
loosening. 

b.  Bridge  System  Under  Test.  Eaeh  bridge  design  is  unique  and  one-of-a  kind  in  its  own 
eommodity  and  applieation.  Therefore,  a  separate  inspeetion  plan  has  to  be  developed  by  the  test 
eenter  to  address  its  unique  design  eharaeteristies.  The  inspection  plan  should  be  written  in 
aecordanee  with  the  bridge’s  Fraeture  Control  Plan  whieh  is  normally  ineluded  in  the  bridge’s 
Teehnieal  Manual.  A  typieal  cheeklist  for  a  bridge  inspeetion  is  provided  as  Appendix  A  of  the 
TOP. 


(1)  Employ  Appendix  A  as  a  proeedural  guideline  for  the  bridge  inspection  plan  and 
procedures. 

(2)  Doeument  inspection  results  in  the  provided  forms  (Appendix  A). 

e.  Data  Quality  Cheeks.  Bridge  strain  data,  aetuator  foree,  and  aetuator  displaeements 
should  be  reeorded  for  every  simulated  erossing.  At  least  hourly,  compare  the  values  in  the 
colleeted  data  with  the  results  previously  colleeted  for  that  drive  file.  Issues  to  eheck  for  inelude 
strain  gage  other  instrumentation  failure,  whiffle  out  of  position,  and  aeeidental  use  of  a  drive 
file  different  from  that  intended. 

4.4  Failure  Definition. 

Refer  to  the  Failure  Definition/Seoring  Criteria  (FD/SC)  for  the  system  to  determine  the  proper 
elassifieation  of  any  failures  that  oeeur  during  testing.  In  many  instanees,  it  may  be  desirable  not 
to  repair  damage  to  the  bridge  that  oecurs  during  extended  durability  testing.  Other 
eonsiderations  may  take  preeedenee  (i.e.,  verifieation  of  damage  tolerant  design). 

5.  DATA  REQUIRED. 

5.1  Vehiele  Crossings. 

a.  Deseription  of  test  setup,  to  inelude  span  and  bank  eonditions.  Photographs  should  be 
taken  for  doeumentation. 

b.  Deseription  of  erossing  vehiele  type  and  load  elass. 
e.  Crossing  vehicle  speed. 

d.  Material  strains. 
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e.  Bridge  defleetion. 

f.  Whiffle  movements. 

g.  Number  of  erossings  eondueted  with  eaeh  vehiele  type. 

h.  Deseription  of  any  damage  noted  during  bridge  inspeetions. 

i.  Results  of  periodie  strain  and  defleetion  eheeks  eondueted  as  part  of  inspeetion 
proeedures. 

5.2  Simulated  Crossings. 

a.  Deseription  of  test  setup  to  inelude  span  and  bank  eonditions.  Photographs  should  be 
taken  for  doeumentation. 

b.  Deseription  of  erossing  vehiele  drive  fde  to  be  used, 

e.  Material  strains. 

d.  Bridge  defleetion. 

e.  Actuator  forces. 

f.  Number  of  simulated  erossings  eondueted  with  eaeh  drive  file. 

g.  Deseription  of  any  damage  noted  during  bridge  inspeetions. 

h.  Video  of  test  eonduct,  if  required,  showing  entire  bridge  or  eritieal  areas  as  applieable. 
6.  PRESENTATION  OF  DATA. 

6.1  Test  Data  Management. 

a.  Prepare  time  history  files  of  bridge  strain  and  defleetion  for  vehiele  and  simulated 
erossings  and  place  on  suitable  media  (i.e.,  eompact  disk  (CD))  for  dissemination  to  other 
parties. 

b.  Prepare  seleeted  hard  eopies  of  bridge  strain  and  defleetion  data  for  field  and 
simulated  erossings  as  will  be  neeessary  for  the  Final  Report. 

e.  Prepare  results  from  periodie  inspeetions  and  organize  results  into  graphieal,  tabular, 
and  narrative  formats  as  appropriate. 

d.  Organize  test  photographs  and  video  presentation.  Prepare  files  for  eleetronic 
distribution. 
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e.  Post  all  pertinent  test  data  to  a  distributed  access  site  such  as  the  ATC  Versatile 
Information  Systems  Integrated  On-Line  (VISION)  site. 

6.2  Test  Data  Illustration. 

A  sample  set  of  test  data  extraeted  from  the  Durability  Test  of  a  tactical  bridge  is  provided  in 
Tables  3  through  6,  and  Figure  5,  to  demonstrate  the  use  of  applicable  data  forms  and  the 
processed  test  data  flow. 


TABLES.  LIVE  CROSSINGS. 


SPEED, 

mph 

NO.  OF  CROSSINGS 

MlAl 

MET 

MlAl  WITH 
MINE  PLOW 

HETS  WITH 
MlAl  MET 

TWO  MlAl  METs, 

MEG  80,100-FT  SPACING 

Level  Gap 

3 

16 

12 

32 

8 

6 

16 

12 

26 

0 

9 

16 

12 

26 

0 

12 

12 

12 

31 

0 

13 

0 

0 

9 

0 

15 

12 

10 

9 

0 

Total 

72 

58 

133 

8 

Racked  Gap 

3 

12 

0 

24 

10 

6 

12 

0 

24 

0 

9 

12 

0 

24 

0 

12 

12 

0 

14 

0 

15 

13 

0 

6 

0 

Total 

61 

0 

92 

10 

Side  Slope  Ga 

3 

12 

0 

14 

6 

6 

12 

0 

12 

0 

9 

12 

0 

12 

0 

12 

12 

0 

12 

0 

15 

12 

0 

0 

0 

Total 

60 

0 

50 

6 
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TABLE  4.  VEHICLE  CROSSING  FILES  SELECTED  FOR  SIMULATION. 


FILE 

NAME 

SPEED, 

mph 

VEHICLE 

TRAVERSE 

DIRECTION 

I 

lank  Condition:  Level 

Run036 

3 

BA 

Run046 

6 

AB 

Run055 

9 

MlAl  MBT 

AB 

Run060 

9 

BA 

Run064 

12 

BA 

Run071 

15 

AB 

Runl55 

3 

AB 

RunlSl 

9 

AB 

Run227 

6 

HETS  with  MlAl  MBT 

AB 

Run250 

12 

AB 

Run262 

15 

AB 

Run269 

15 

BA 

Bank  Condition:  Racked,  Strain  Channel  2 

High 

Run307 

3 

AB 

Run331 

9 

MlAl  MBT 

AB 

Run359 

15 

AB 

Run430 

12 

BA 

Run434 

12 

HETS  with  MlAl  MBT 

AB 

Run447 

3 

BA 

Bank  Condition: 

Side  Slope,  Even  Strain  Channels  High 

Run505 

3 

AB 

Run5 1 6 

9 

HETS  with  MlAl  MBT 

BA 

Run534 

12 

AB 

Run548 

3 

BA 

Run575 

9 

MlAl  MBT 

BA 

Run590 

12 

BA 

TABLE  5.  SIMULATED  CROSSINGS  DRIVE  FILE  CREATION 


MlAl  MBT 

HETS  WITH  MlAl  MBT 

FILE  NAME 

QUANTITY 

FILE  NAME 

QUANTITY 

Run036 

165 

Runl55 

32 

Run046 

63 

Runl81 

97 

Run055 

42 

Run227 

15 

Run060 

24 

Run250 

29 

Run064 

37 

Run262 

35 

Run071 

17 

Run269 

32 

Run307 

42 

Run430 

49 

Run331 

25 

Run434 

62 

Run359 

22 

Run447 

26 

Run548 

15 

Run505 

40 

Run575 

29 

Run516 

19 

Run590 

13 

Run534 

48 

Total: 

494 

Total: 

484 
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TABLE  6.  BCS  SIMULATED  CROSSINGS 


NO. 

TOTAL 

DURABILITY 

CROSSINGS 

RUN 

NO. 

DIRECTION 

VEHICLE 

BANK 

CONFIG 

SPEED, 

mph 

TIME 

SET  1  CROSSINGS 

START  1  STOP 

30  April  2012 

1 

26 

1,656 

36 

BA 

MlAl  MBT 

Level 

3 

11:23 

11:39 

2 

26 

1,682 

36 

BA 

MlAl  MBT 

3 

11:40 

11:56 

3 

26 

1,708 

71 

AB 

MlAl  MBT 

15 

11:57 

12:20 

4 

26 

1,734 

71 

AB 

MlAl  MBT 

15 

12:21 

12:44 

5 

25 

1,759 

269 

BA 

HETS/MlAl  MBT 

15 

12:45 

13:15 

6 

25 

1,784 

269 

BA 

HETS/MlAl  MBT 

15 

13:16 

13:45 

7 

25 

1,809 

262 

AB 

HETS/MlAl  MBT 

15 

13:46 

14:17 

8 

25 

1,834 

262 

AB 

HETS/MlAl  MBT 

15 

14:17 

14:48 

9 

25 

1,859 

155 

AB 

HETS/MlAl  MBT 

3 

15:11 

15:39 

10 

25 

1,884 

155 

AB 

HETS/MlAl  MBT 

3 

22:41 

23:09 

11 

25 

1,909 

181 

BA 

HETS/MlAl  MBT 

9 

23:17 

23:44 

1  May  2012 

12 

25 

1,934 

181 

BA 

HETS/MlAl  MBT 

Level 

9 

23:50 

00:27 

13 

25 

1,959 

155 

AB 

HETS/MlAl  MBT 

3 

00:45 

01:12 

14 

25 

1,984 

155 

AB 

HETS/MlAl  MBT 

3 

01:30 

01:48 

15 

25 

2,009 

181 

BA 

HETS/MlAl  MBT 

9 

07:49 

08:14 

16 

25 

2,034 

181 

BA 

HETS/MlAl  MBT 

9 

08:14 

08:45 

17 

25 

2,059 

46 

AB 

MlAl  MBT 

6 

08:45 

09:02 

18 

25 

2,084 

46 

AB 

MlAl  MBT 

6 

09:02 

09:18 

19 

25 

2,109 

64 

BA 

MlAl  MBT 

12 

09:20 

09:43 
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APPENDIX  A.  TYPICAL  BRIDGE  INSPECTION  CHECKLIST. 


DATE: _ 

LAST  CROSSING  #: 


LEVEL  1  INSPECTION:  Fatigue  Monitor  Gauge 
CONDUCT  EVERY  500  CROSSINGS  ON  EVERY  MODULE 


MODULE 

INITIALS 

Crack  First  Fatigue  Monitor  Gauge  Description 

ODD  SIDE 

EVEN  SIDE 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

Check  extent  of  cracking  in  central  area  between  two  holes  and  from  the  holes 
to  the  outside  edges  of  monitor. 

Use  the  diagram  below  to  sketch  the  approximate  crack  characteristics. 
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APPENDIX  A.  TYPICAL  BRIDGE  INSPECTION  CHECKLIST. 


DATE: _ 

LAST  CROSSING  #: _ 

LEVEL  1  INSPECTION:  BRIDGE  SKIN 

CONDUCT  EVERY  500  CROSSINGS  ON  EVERY  MODULE 


MODULE 

INITIALS 

EVIDENCE  OF  EXTERNAL  DAMAGE 

ODD 

CHORDS 

EVEN  CHORDS 

TRANSVERSE 

COMPONENTS 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

Check  the  skin  of  the  chords  and  transverse  components.  Take  photographs 
of  any  evidence  of  external  damage  to  the  bridge  skin. 
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APPENDIX  A.  TYPICAL  BRIDGE  INSPECTION  CHECKLIST. 


DATE: _ 

LAST  CROSSING  #: _ 

LEVEL  1  INSPECTION:  Rotabolts 

CONDUCT  EVERY  500  CROSSINGS  ON  EVERY  MODULE 


MODULE 

INITIALS 

Rotabolt  Loose  or  Damaged 

Odd-Outer 

Odd-Inner 

Even-Inner 

Even-Outer 

I 

II-A 

II-B 

III-A 

III-B 

IV-A 

IV-B 

V-A 

V-B 

VI-A 

VI-B 

VII-A 

VII-B 

VIII 

7  IS  19  9  1  8  IS  14  < 


3  11  17  13  6  4  13  II  10  2 


Check  bolts  for  signs  of  damage. 

Grip  each  bolt  as  tight  as  a  pen  and  attempt  to  rotate.  If  loose,  note  the  bolt 
number  and  location. 
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APPENDIX  A.  TYPICAL  BRIDGE  INSPECTION  CHECKLIST. 


DATE: _ 

LAST  CROSSING  #: _ 

LEVEL  2  INSPECTION:  Bottom  Chord  Weld 

CONDUCT  EVERY  500  CROSSINGS  ON  EVERY  MODULE  WHERE 
GAUGE  HAS  CRACKED  ALONG  THE  LENGTH  BETWEEN  THE  TWO 
GAUGE  HOLES. 


Initial 

Module 

Location 

Description 

Check  for  cracks  propagating  transversely  away  from  the  bottom  of  an  inner  and  outer 
chord’s  intersecting  weld. 
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APPENDIX  A.  TYPICAL  BRIDGE  INSPECTION  CHECKLIST. 


DATE: _ 

LAST  CROSSING  #: _ 

LEVEL  2  INSPECTION:  Gauge  Vertical  Weld  Toes 
CONDUCT  EVERY  500  CROSSINGS  ON  EVERY  MODULE  WHERE 
GAUGE  HAS  CRACKED  ALONG  THE  LENGTH  BETWEEN  THE  TWO 
GAUGE  HOLES. 


Initial 

Module 

Location 

Description 

Check  for  cracks  propagating  at  the  gauge  vertical  weld  toes. 
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APPENDIX  A.  TYPICAL  BRIDGE  INSPECTION  CHECKLIST. 


DATE: _ 

LAST  CROSSING  #: _ 

LEVEL  2  INSPECTION:  End  Diaphragm  Vertical  Weld  Toes 
CONDUCT  EVERY  500  CROSSINGS  ON  EVERY  MODULE  WHERE 
GAUGE  HAS  CRACKED  ALONG  THE  LENGTH  BETWEEN  THE  TWO 
GAUGE  HOLES. 


Initial 

Module 

Location 

Description 

Check  for  cracks  propagating  along  or  away  from  the  vertical  welds  at  the 
end  diaphragm. 
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APPENDIX  A.  TYPICAL  BRIDGE  INSPECTION  CHECKLIST. 


DATE: _ 

LAST  CROSSING  #: _ 

LEVEL  2  INSPECTION:  Bore  of  Jaw  Pin  Holes 
CONDUCT  EVERY  500  CROSSINGS  ON  EVERY  MODULE  WHERE 
GAUGE  HAS  CRACKED  ALONG  THE  LENGTH  BETWEEN  THE  TWO 
GAUGE  HOLES. 


Initial 

Module 

Location 

Description 

Check  for  any  evidence  of  cracks  propagating  from  the  bore  of  the  jaw  pin 
holes. 
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Term 

Bridge  Crossing 
Simulator 

drive  fde 

end  abutment 

hydraulic  actuator 

knuckle 

level 

load  cell 

MATLAB 

racked 

reaction  structure 
servo  valve 
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APPENDIX  B.  GLOSSARY. 


Definition 

Simulates  the  rolling  loads  applied  by  a  moving  vehicle  with  a 
system  of  hydraulic  actuators  and  loading  fixtures. 

Each  vehicle  crossing  will  have  a  drive  file  created  containing  the 
necessary  actuator  force  over  time  command  to  replicate  the  vehicle 
crossing  strain  data. 

The  part  of  the  Reaction  structure  that  can  be  adjusted  to  support 
the  bridge  at  either  end. 

The  single-ended  double-acting  actuators  that  are  heavy  duty  and 
fatigue  resistant.  They  are  mounted  in  the  reaction  structure  with 
swivel  mounting  fixtures. 

The  hinged  part  of  the  actuator  that  connects  to  the  whiffle. 

Simulation  conditions  in  which  opposite  corners  of  the  bridge  are 
level  and  then  put  under  a  load. 

Part  of  the  actuator  electronics  that  provides  force  feedback 
information. 

A  high  level  technical  computing  language  and  interactive 
environment  for  algorithm  development,  data  visualization,  data 
analysis,  and  numeric  computation.  MATLAB  has  a  wide  range  of 
applications,  including  signal  and  image  processing, 
communications,  control  design,  test  and  measurement,  financial 
modeling  and  analysis,  and  computation  biology. 

Simulation  condition  in  which  diagonal  comers  of  the  bridge  are 
raised  and  then  put  under  a  load. 

Large  steel  frame  that  holds  the  bridge  and  the  actuators. 

The  actuators  are  equipped  with  multistage  servo  valves  that  control 
the  direction  and  amount  of  fluid  flow  to  the  actuators. 


B-1 

Distribution  Statement  A.  Approved  for  public  release;  distribution  is  unlimited. 


TOP  02-2-507 
7  October  2014 


APPENDIX  B.  GLOSSARY. 


Term 


Definition 


side-slope 


strain  gage 
tumbuekle 


whiffle 


Simulation  eondition  in  whieh  the  bridge  is  rotated  about  the 
longitudinal  axis  and  then  put  under  a  load. 

An  electronie  deviee  that  provides  strain  feedbaek  information. 

A  deviee  for  adjusting  the  tension  ehains.  It  eonsists  of  two 
threaded  eyelets,  one  serewed  into  each  end  of  a  small  metal  loop, 
one  with  a  left-hand  thread  and  the  other  with  a  right-hand  thread. 

Metal  frame  that  transfers  the  load  from  the  hydraulie  aetuator(s)  to 
the  bridge  through  rubber  eontaet  patehes. 
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AAO 

AEC 

AMSAA 

APG 

AST 

ATC 

ATEC 

aeereditation  aetion  officer 

U.S.  Army  Evaluation  Center 

U.S.  Army  Materiel  System  Analysis  Aetivity 

Aberdeen  Proving  Ground 

ATEC  System  Team 

U.S.  Army  Aberdeen  Test  Center 

U.S.  Army  Test  and  Evaluation  Command 

BCS 

Bridge  Crossing  Simulator 

CD 

eompaet  disk 

DAQ 

data  aequisition 

ED/SC 

Eailure  Definition/Seoring  Criteria 

HETS 

Heavy  Equipment  Transporter  System 

M&S 

MBT 

MEC 

mph 

MSCOE 

Modeling  and  Simulation 
main  battle  tank 
military  load  elassification 
miles  per  hour 

U.S.  Army  Maneuver  Support  Center  of  Exeellenee 

OMS/MP 

Operational  Mode  Summary/Mission  Profile 

PM 

PMCS 

Program  Manager 

preventive  maintenance  cheeks  and  serviees 

TACOM 

TARDEC 

TDTC 

TOP 

TR 

U.S.  Army  Tank- Automotive  and  Armaments  Command 

U.S.  Army  Tank- Automotive  Researeh,  Development  and 
Engineering  Center 

Trilateral  Design  and  Test  Code  for  Military  Bridging  and  Gap- 
Crossing  Equipment 

Test  Operations  Proeedure 
teehnieal  report 

USAES 

U.S.  Army  Engineer  Sehool 

V&V 

VISION 

VV&A 

Verification  and  Validation 

Versatile  Information  Systems  Integrated  On-Line 

Verifieation,  Validation  and  Aeoreditation 
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CSTE-TM  7  October  2014 


MEMORANDUM  FOR 

Commanders,  All  Test  Centers 
Technical  Directors,  All  Test  Centers 
Directors,  U  S.  Army  Evaluation  Center 
Commander,  U  S.  Army  Operational  Test  Command 

SUBJECT;  Test  Operations  Procedure  (TOP)  02-2-507,  Bridge  Crossing  Simulator, 
Approved  for  Publication 


1.  TOP  02-2-507,  Bridge  Crossing  Simulator,  has  been  reviewed  by  the  U  S.  Anny  Test 
and  Evaluation  Command  Test  Centers,  the  U  S.  Army  Operational  Test  Command, 
and  the  U  S.  Army  Evaluation  Center.  All  comments  received  during  the  formal 
coordination  period  have  been  adjudicated  by  the  preparing  agency.  The  scope  of  the 
document  is  as  follows: 

This  TOP  describes  the  procedures  to  operate  the  Bridge  Crossing  Simulator  at  the 
U  S.  Army  Aberdeen  Test  Center,  in  support  of  bridge  durability  testing  using  a 
modeling  and  simulation  technique.  It  is  applicable  to  dry  gap  bridging  systems. 

Through  the  use  of  hydraulic  actuators,  a  reaction  structure,  and  a  control  system,  the 
Bridge  Crossing  Simulator  physically  simulates  vehicular  crossing  loads  for  the 
expected  life  span  of  the  bridge  undergoing  testing. 

2.  This  document  is  approved  for  publication  and  has  been  posted  to  the  Reference 
Library  of  the  ATEC  Vision  Digital  Library  System  (VDLS).  The  VDLS  website  can  be 
accessed  at  https;//vdls.atc.army.mil/. 

3.  Comments,  suggestions,  or  questions  on  this  document  should  be  addressed  to  U  S. 
Army  Test  and  Evaluation  Command  (CSTE-TM),  2202  Aberdeen  Boulevard-Third  Ftoor, 
Aberdeen  Proving  Ground,  MD  21005-5001;  or  e-mailed  to  usarmy.apg.atec.mbx.atec- 
standards@mail.mil. 


FONTAJNE.RAYMO 

ND.G.1228612770 


MICHAEL  J.  ZWIEBEL 

Director,  Test  Management  Directorate  (G9) 
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Forward  comments,  recommended  ehanges,  or  any  pertinent  data  which  may  be  of  use  in 
improving  this  publication  to  the  following  address:  Range  Infrastructure  Division  (CSTE-TM), 
U.S.  Army  Test  and  Evaluation  Command,  2202  Aberdeen  Boulevard,  Aberdeen  Proving 
Ground,  Maryland  21005-500L  Teehnieal  information  may  be  obtained  from  the  preparing 
activity:  Commander,  U.S.  Army  Aberdeen  Test  Center,  ATTN:  TEDT-AT-WEE,  Aberdeen 
Proving  Ground,  Maryland  21005-5059.  Additional  copies  can  be  requested  through  the 
following  website:  http://www.atee.armv.mil/publieations/topsindex.aspx,  or  through  the 
Defense  Teehnieal  Information  Center,  8725  John  J.  Kingman  Rd.,  STE  0944,  Eort  Belvoir,  VA 
22060-6218.  This  doeument  is  identified  by  the  aecession  number  (AD  No.)  printed  on  the  first 
page. 
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